The aim of this paper focuses on the analysis of system spot price formation factors formed by the organized electricity market operated by the Nord Pool Spot power exchange. Analysis and statistical evaluation of historical data has been performed in order to identify and rank factors according to the price impact as well as to analyze their seasonal weight. Results of this analysis should contribute to the understanding of main drivers in the system price formation; reveal possible reasons of seasonal system price fluctuations as well as occasional unpredictable price spikes which are a common feature of the spot markets.
InTrOducTIOn
Determination of electricity prices whether in rigidly controlled or liberalized electric power industry has been and still is addressed. After introduction of liberalisation, the wholesale price for electricity is formed in the market environment by demand and supply, likewise on markets with other commodities. However, the electricity price is dependent on more factors comparing to other usual commodities. Furthermore, principles of price-based control of electrical power systems, the proclaimed role of electricity prices as the main driver for investments into modernization and new projects require good understanding of price formation factors for short-term as well as long-term purposes.
In general, the end-user electricity price could be divided into 2 main parts. The first regulated part mainly includes costs of transmission and distribution and other costs, such as subsidy of power production from RES as well as ancillary services, though a new trend leads to the purchasing of ancillary services based on market principles as well. The second deregulated part represents a part of the end-user electricity price that has been determined by the market environment. This part covers mainly costs of production / purchase of electricity, the profit margin of traders and other smaller components. The final share is roughly within 40% to 50% of the end-user electricity price and slightly varies between EU states. The structure of the enduser electricity price is shown in Fig. 1 below.
The market with electricity means that the price is determined by market participants [1, 2] . The electricity price may be formed through organized markets where determination of the volume as well as the price is performed according to the predefined rules of the Power Exchange (PX) or through non-organized markets with electricity covered by the so-called Over-the-Counter contracts (OTC) of bilateral trading.
In this article, price formation is analyzed including selected factors with the expected highest impact on the system price in the organized power market operated by the Nord Pool Spot power exchange (NPS PX). Price is always the result of the relationship between supply and demand, affected by many parameters. Therefore, the aim of analysis will be focused on finding what and how in this market influences the price of electricity. The analysis tries to find answers and in detail points out the following questions:
• How is the supply side correlated with the global fuel markets? • How sensitive is the spot price to the fluctuations on fossil fuel markets? • Is there an impact from introduction of CO 2 emission allowances to the spot price? • What are the main price drivers on NPS PX? • How demand side is influencing the spot price formation?
Furthermore, in this article presented analysis points to several questions that could be addressed by the future work.
SPOT PrIcE FOrMATIOn BY OrGAnIZEd POwEr EXcHAnGE
The market clearing price (MCP) and the market clearing volume (MCV) are determined through a two-sided auction from the intersection of the supply curve that is constructed from aggregated supply bids and the demand curve that is constructed from aggregated demand bids [3, 4] .
A system price is created as an intersection of aggregated supply and demand bids from all bidding areas into two curves respectively. In this step of the price formation process, available trading capacities between bidding areas are not taken into account, hence considered as infinite (∞). In all situations when contractual flow between bidding areas in particular hour (hourly trading) is within the li mits appointed by TSOs, thus lower or equal to the allocated commercial transmission capacity, the system price is identical to the area prices.
Formation of the wholesale electricity system price by two-sided auction (PX) is shown in Fig. 2 .
Supply & Demand curve analysis
Supply curve as aggregation of sell orders of the power producers might in a case of sufficient production capacities on market reflect their short-run marginal costs of production. Expressed in the basic form, total costs of electricity produced in the power plant consist of fixed and variable costs:
Fig. 2. System spot price formation principle
Fixed costs C fix are related mostly to investment and economic profit to be earned, in short-run its O & M, wages, depreciation, social fund and other obligations that are fixed and independent on the level of production. Variable costs C var are all costs that depend on the level of production in a particular power plant. Mostly they cover costs of fuel and emission allowances. However, once a plant is commissioned, the marginal cost of producing an additional unit of electricity should determine its operation (dispatch). Marginal costs roughly correspond to fuel costs and costs to purchase emission allowances as their volume also depends on the level of production. This fact is important because it determines the merit order of power plants in the supply curve according to marginal costs, thereby the marginal generator and thus MCP on the electricity market. Due to that reason, gas and coal-fired power plants are in many cases the marginal plants that set the price in competitive markets [5] . Hence, increases in gas or coal prices are passed on as increases in wholesale electricity prices.
Demand curve is constructed from aggregated demand bids, thus bidding strategy of customers has a significant impact on the position of the intersection point and, therefore, final values of MCP as well as MCV on the spot market. Natural seasonal load variation of the system has of course an impact on the level of purchased electricity (demand) through spot markets which there causes natural seasonal price variations as well. Same as for the production curve, the structure of customers willing to buy electricity has to be investigated in order to obtain a comprehensive overview of spot price formation factors.
Aforementioned principles of spot price formation are also applied on the Nord Pool Spot PX the data of which have been used for analysis. The Nord Pool Spot algorithm ensures that the lowest-priced source of energy is produced by matching a consumers bid and the last MWh of energy to be produced sets the price for all previous production [3] .
AnAlYSIS OF THE SYSTEM PrIcE FOrMATIOn FAcTOrS
Analysis of the historical curve of the system price of electricity on the Nord Pool Spot and analysis of other selected factors such as coal, gas, CO 2 and hydro resources have been performed in order to estimate dependency and behaviour (changes) of the system price according to changes of those factors. The first reflection of the weight of selected factors could provide the proportionality of energy sources in the total produced power by the production mix of Nordel (DK, SWE, FIN, NOR) in Fig. 3 .
Considerable long-term hydro production may be a signal of weighty influence of the hydro resources to the system price, however, according to the principles of spot price formation (marginal generator), relation of hydro resources and system prices must be investigated in detail. The nuclear production seems to be a type of production with low historical price volatility. In addition, those types of plants traditionally working into the base load and on organized spot market usually do not play the role of the marginal generator. Hence, a deeper investigation of impacts on the system price is not performed for this type of power plants. However, power plants operated on fossil fuels such as gas or coal have higher marginal costs and often on spot markets play the role of the marginal generator (determine market price). Hence, even though production of those power plants is not proportionally highest, it significantly influences electricity prices. Tight correlation of plants operated on fossil fuels may be additionally expected with CO 2 emissions as a part of their marginal costs (except fuel costs).
Same as the prices of other commodities, the prices of fossil fuels experience wide price swings in times of shortage or oversupply. The price cycles may extend over several years responding to the changes in supply and demand [6] . Past decade development in fossil fuels and emission prices Gas. The gas spike of the last decade occurred in 2008. Regional spot prices and oil-linked gas prices peaked at levels between USD 13 and 15 per MMBtu (1 000 000 Btu = MMBtu). Oil-linked gas prices in Japan and Continental Europe continued to increase throughout much of 2008 due to the time lag embedded in the contract formulas, but were declining in 2009 to reach USD 7 per MMBtu in the summer of 2009 [7] . However, spot prices started declining in mid-2008 reflecting the impact of the economic crisis on gas demand. Depending on the speed and geographical scope of economic recovery, spot gas prices may well remain weak for some years. Decrease of coal prices has been caused mostly by global recession. Although most coal is sold under contract and changes in spot markets take time to filter through into prices paid by coal customers, even there contract prices are linked to spot market prices [7] . CO 2 emission allowances. Since introduction of the European trading system with emission allowances, those became an important factor which has impact on electricity prices. CO 2 allowances are assumed the same as for other commodities, thus can be purchased as well as sold according to the best, most profitable actual option for the generat or [8] . Even when generators received allowances for free, those opportunity costs are more or less reflected to the electricity prices.
cOrrElATIOn And rEGrESIOn AnAlYSIS FOr rEAl dATA SETS
Background for correlation and regression in data analysis Correlation investigating the nature of the relationship between different variables is an important way of numerically quantifying the relationship between them. In other words, correlation is a numerical measure of the degree to which patterns in X and Y correspond.
In our analysis for the quantification of the correlation the Pearson product-moment correlation coefficient (PPM-CC) denoted as r has been used. PPMCC is a measurement of the linear dependence between two variables X and Y and ranging within 1 to 1. Positive values of r indicate a positive correlation between X and Y. Negative values indicate a negative correlation. r = 0 indicates that X and Y are uncorrelated. In principle, the correlation between X and Y is equal to the correlation between Y and X. The value of r is not dependent on units in which analyzed variables are given. The Pearson product-moment correlation coefficient is calculated as follows: (2) However, the correlation does not necessarily imply causality. Therefore, regression as the related concept which is essentially an extension of the correlation that introduces an aspect of causality has to be employed in data analysis. Assume that a linear relationship between Y and X exists, and then their relationship is mathematically expressed as:
where α is the intercept of the line and β is the slope. This equation is referred to as the regression line. In particular, a straight line drawn through the points on the XY-plot provides a convenient summary of the relationship between X and Y. In the regression analysis, we formally analyze this relationship. However, it should be noted that the linear regression model will always be only an approximation of the true relationship and it has to be taken into account in conclusions based on the results obtained through such technique [9] . Data analysis has been performed in the Statistica and Excel software.
Correlation analysis and estimation of linear trends of variables
According to development tendencies of global fuel prices and emission trading, it could be anticipated that those changes will affect electricity prices by changes in production costs. Measurement of the correlation by the Pearson product-moment correlation coefficient (r) was performed between daily average values of the Nord Pool Spot system price (NPSsp) and daily average values of 4 factors: petroleum price denoted as PT Brent, natural gas price index SPCTTTFCALFR1, hereinafter "Gas", price index All Published Index number 2 (API2), hereinafter "Coal", and CO 2 emmision allowances. In order to depict seasonal differences within the year and in the entire time period under investigation (2006-2011), every year was divided into 4 equal periods (3 months). The results of the correlation analysis are shown in Fig. 4 .
From the correlation of NSPsp with other variables (Fig. 4) connection with historical development of fuels and emissions is obvious, especially in quarters 2 and 4 of 2008 when fossil fuels on world markets reached peak values. Except isolated cases, the vast majority of values demonstrate a positive correlation. Significant quarterly observed differences could be explained by fluctuations of fuel and emission prices as well as differences in demand, thus by different marginal generators on spot market.
Estimation of linear trends of variables. In order to compare general tendencies and dynamism in change of variables (NPSsp, PT Brent, Gas, Coal, CO 2 ) to find out their mutual behaviour, these are modelled using the linear regression model. The independent variable is in this case represented by time (X axis), while the dependent variable (Y axis) represents values of NPSsp, PT Brent, Gas, Coal and CO 2 . The linear regression model is fitted using the method of least squares. Input data as well as annual splitting to the quarters is the same as for the correlation analysis above.
The obtained results show general linear trend development of the particular variable in the quarter; to visualise results in the most transparent way, those linear trends are moved to the common initial point as is shown on Fig. 5 .
Successive scrutiny of all quarters one-by-one from 2006 to 2011 (thus 24 quarters) reveals similarities in general trends and, furthermore, in dynamics of the upward and downward pace between variables as well as their seasonal tendencies. Gas has the highest number of identical tendency with NPSsp from all investigated factors (19 quarters from 24 quarters), the second is Coal (18 from 24), then CO 2 (15 from 24) and the same for PT Brent. This result could be explained by already mentioned fact that the marginal generator is often the gas or coal-fired power plant. A linear approximation to estimate tendencies of dependent variables does not need to be in quarters with high volatility (dispersion) of values appropriate one. Hence, to make conclusions about tendencies between the depicted trends, fitness of a linear regression has to be taken into account by assessment of R-squared values (R^2). The lower value (R^2), the worse demonstration of such trend by the linear regression model is. Table 1 gives an overview of R-squared values obtained from linear regression models which should be used in the assessment process.
Impact of hydro resources on the NPS system price
A considerable proportion of hydro production on the overall Nordel electricity production naturally defines the dependency of the Nord pool system price on hydro resources, thus a higher correlation between them is expected. For the hydrological situation there is a typical seasonal variation as well as year-to-year differences and those are suscep tible to the weather conditions. Deviation of electricity production capacities of hydro power plants from the normal average level has an impact on the electricity prices. In order to investigate those impacts find out the interdependence and strength of this relation, the average weekly potential (TWh) of Norwegian and Swedish power plants and the ave rage weekly NPS system price (€/MWh) are input data for the analysis. The employed methodology in the regression and correlation analysis in the time period under investigation (2001-2011) includes division of every year into 3 periods (4 months each) and subsequent rearrangement of the data according to the particular period into 3 data sets. In the first data set there are values of the first periods (1/3) of all years from 2001 to 2011, the se cond data set contains data of the second periods (2/3) from 2001 to 2011 and the third one contains data of the third periods (3/3). Table 2 shows the results of the correlation analysis by the Pearson product-moment correlation coefficient performed for all three data sets. Table 2 show a relatively high level of the negative correlation; it could be explained that the negative deviation of hydro resources from the normal level causes an increase of prices. The result also confirms seasonal differences, thus it could be concluded that the system price in the first and third periods of the years is more "hydro dependent" than in the middle parts of the years (second periods). The linear regression analysis of 3 data sets is shown in Figs. 6, 7 and 8, respectively. The zero value of the X axis represents normal hydro level, positive values (right from 0) level higher than the normal level and the negative value (left from 0) level lower than the normal level.
The values in
By the graphical expression of the analyzed data slightly grouping of values is obvious, so that values with higher occurrence could be observed in the particular data set. It gives an opportunity to find out a range or ranges of characteristic values in linear downward regression models. It is evident that the level of hydro reservoirs proves a relation with the system price and therefore could be concluded that it is one of the main factors in the system price determination on the Nord Pool Spot PX.
cOnSuMPTIOn / dEMAnd SIdE AnAlYSIS
In order to estimate impacts of the behaviour of customers who purchase electricity on the NPS spot market on the price formation process, the strategy of their "buy" bidding was analyzed. Input data for analysis comprise 6 randomly selected days in different seasons in 2010, 2011 and 2012. Every day consists of 24 hourly results of bidding strategy. Bidding strategy means the level of "willing to pay" of customers to purchase electricity on the spot market. Two main groups of customers were recognized: "willing to pay" about 2,000 €/MWh that actually represents the maximum available bidding value on the Nord Pool Spot and the second group contains customers with bids in the range -200 to 2,000 €/MWh. Short-term demand flexibility analysis reveals several important facts. Roughly 85% of consumers' buy bids are placed at the maximal available value of 2,000 € per MWh, thus only 15% could be assumed as at least partly flexible price responsive demand of which buy bids are placed within the range -200 €/MWh to 2,000 €/MWh. There are no significant distinguishable differences in the buy bidding behaviour between randomly selected days within the year as well as between the examined years as demonstrate the results of the analysis in the Figures below.
Redrawing of the demand observations which are depicted in Figures 9, 10, 11 to the simplified demand slope with the price limits is made in Fig. 12 .
The demand curve constructed from aggregated buy bids according to the results of the analysis may be characterized as a very low price responsive demand curve. Such price formation is nearly to markets with the pool price determination principle where only the supply side has active participation on price formation. This finding also has a weighty impact on the understanding of the price volatility since it could be an answer of unpredictable price spikes as well as a high intermittent volatility of the electricity price on the spot market. 
cOncluSIOnS
The results of the analysis of the system price formation factors on the Nord Pool give the following assumptions about this market: a relatively high level of the positive correlation between the system price and assumed factors with considerable seasonal and annual differences. From the observation of seasonal linear trends of the system price and those factors it can be concluded that Gas and then Coal have the highest number of identical tendency with NPSsp from all investigated factors. This could be taken as confirmation of the fact that as marginal (price determining) generators on this market are often gas and coal-fired power plants. According to CO 2 emissions, interesting is their relatively high correlation with NPSsp, even when generators received those allowances for free. This may be explained by the fact that now those allowances are assumed by generators as a usual commodity and therefore with the trading potential. Furthermore, those allowances are required by fossil-fuelfired power plants and those are, as was mentioned above, often marginal generators. The analysis also shows a high correlation between the hydro situation and NPSsp with high and typical seasonal variations.
From the analysis of the demand side, suprising is extremely low price responsiveness of consumers, the production side facing almost to the inflexible demand. This bidding strategy may be explained by reliance of consumers in this electricity market, however, such bidding strategy can contribute to occurrence of unpredictable and considerable price spikes during disturbances on the supply side.
The target of this article is related to assessment of impacts of fuels and emission allowances on the electricity price. However, it should be noted that correlation between fossil fuel prices as well as vice versa impacts, such as impacts of electricity prices on the fossil fuel prices and prices for emission allowances, could be possibly observed, assuming the fact that demand for property increases property prices.
Besides the analyzed factors, in liberalised imperfectly competitive environment, the possible price changing factor is represented by the abused market power of one or more involved competitors. This should be taken into account in further investigations as well. Furthermore, it might be expected that an increase of power production from intermitted generation sources with low marginal costs of production such as wind or photovoltaics will contribute to the increase of the price volatility on the spot markets as they provide an appropriate trading option for those hard foreseeable types of power production. 
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